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ia  ABSIIWGTf«M<wn«»«o«l 

This  report  describes  the  development  of  an  antenna  concept  that  Is  to  be  used  to 
extend  the  lover  frequency  limit  of  the  Precision  Antenna  Measurement  System  (PAMS) 
down  to  30  MHz.  It  Includes  a  discussion  of  the  concepts  of  reflection  ranges,  log 
periodic  antennas,  half  space  antennas,  nonsteerable  antennas,  and  numerical  defin¬ 
ition  of  antenna  patterns  In  two  dimensions.  PAMS  is  located  at  the  Verona  Research 
Facility,  and  Is  a  system  for  measuring  the  radiation  patterns  of  antennas  on  aircraft 
while  they  are  In  flight. 
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i  IMIROimCTlQN 

The  Precision  Antenna  Measurement  System  (PAMS),  located  at  the  Rome 
Laboi^ry  (RL)  Verona  Research  Facility,  is  a  system  that  measures  aircraft  antenna 
patterns  white  the  aircraft  is  in  flight.  It  consists  of  a  FPS-1 6  tracking  radar  (Figure  1 ), 
a  receive  antenna  platform  (Figure  2)  synchronized  to  the  tracking  radar  antenna 
and  a  reccing  system.  In  principle,  the  radar  tracks  the  test  aircraft  while  simulta- 
nemjsty  aiming  the  receive  antenna  at  the  aircraft  so  that  the  received  signal  is  inde¬ 
pendent  of  the  receive  antenna  pattern.  The  received  signal  level  is  recorded  along 
with  aircraft  position  and  time.  The  data  is  corrected  for  distance  and  parallax  and 
ttw.tadiation  pattern  of  the  aircraft  antenna  is  determined.  A  limitation  exists  when 
making  measurements  at  elevation  angles  close  to  the  horizon  due  to  multipath 
reflections  from  the  ground.  This  unwanted  multipath  causes  perturbations  in  the 
receiver  antenna  patterns,  particularly  for  antennas  with  a  wide  beamwidth.  The 
narrower  the  receive  antenna  beamwidth,  the  closer  to  the  horizon  one  can  operate, 
reautUng  in  more  volume  that  the  airplane  can  fly  in.  At  microwave  frequencies,  it  is 
feasible  to  use  a  high  gain  receive  antenna  in  order  te  achieve  a  narrow  beamwidth, 
but  at  frequencies  below  400  MHz,  high  gain  narrtw  beam  antennas  become  physi¬ 
cally  too  large  to  place  on  the  positioner;  hence,  only  limited  measurements  using 
PAMS  have  been  made  at  these  lower  frequencies. 

H  RgQOmEMENT 

Since  a  high  gain  narrow  beam  steerable  antenna  would  be  very  cumber¬ 
some  at  these  lower  frequencies,  an  effort  was  initiated  to  develop  a  fixed  antenna 
wtti  a  wide  enough  azimuth  beamwidth  and  a  iow  enough  elevation  coverage  to 
oover  the  volume  in  which  the  airplane  was  required  to  fly.  The  aircraft  will  fly 
through  the  antenna  pattern  rather  than  have  the  antenna  track  the  aircraft.  In  order 
to  use  a  fixed  antenna  for  such  airborne  measurements,  the  design  goals  for  this 


Acceston  For 


IXstributfon/ 


AviM  and/or 


Spaciai 


Figure  1.  FPS- 16  Tracking  Radar 
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application  were  120  degrees  of  horizontai  beamwidth,  30  degrees  of  vertical 
belinwidth  and  a  repeatable  gain  down  to  3  degrees  above  the  horizon.  A  front  to 
back  ratio  of  at  ieast  10  dB  was  required  to  reduce  the  multipath  due  to  buildings 
located  to  the  rear,  in  order  to  evaluate  airborne  antennas  in  both  the  VHP  and  UHF 
spectrum,  the  antenna  must  cover  the  frequency  range  of  30  to  400  MHz.  The 
courage  at  lower  elevation  angles  can  only  be  accomplished  by  controlling  the 
ground  reflections.  Conventional  means  of  controlling  these  reflections  are  by  the 
USB  of  reflection  fences  which  reflect  the  ground  reflections  off  in  a  direction  that  will 
cause  no  problems,  scatter  fences  which  scatter  the  ground  reflection  in  all  direc¬ 
tions,  thereby  reducing  its  amplitude  to  the  measurement  noise  level,  and  by  building 
a  ground  reflection  range  so  that  the  ground  reflections  behave  in  a  controlled 
fnanner  such  that  a  plane  wave  can  be  established  in  the  direction  of  the  antenna 
under  test.  The  reflection  fence  was  discounted  because  its  dimensions  would  be  on 
the  order  of  several  wavelengths,  which  would  be  very  large  at  30  MHz.  Scattering 
fenoes  would  not  be  much  better  because  a  large  number  of  fences  would  be 
heeded  and  each  would  be  very  long  in  order  to  cover  a  wide  field  of  view  as  the  air¬ 
craft  flies  past  the  facility.  The  reflection  range  concept  appeared  to  have  the  most 
potertUal  for  success,  thus  an  experimental  range  was  set  up  to  evaluate  its  limits. 


To  explore  the  suitability  of  using  a  ground  reflection  range,  an  AEL  APN- 
1070  log  periodic  antenna  with  a  frequency  range  of  .05  QHz-1 .1  GHz  was  mounted 
10  feet  above  the  ground  and  vertically  polarized  (as  are  most  VHP  and  UHP  aircraft 
communication  antennas)  with  the  broad  H  plane  pattern  in  the  horizontal  plane. 

The  longest  element  was  about  10  feet  long,  therefore,  its  phase  center  should  not 
be  piaoed  any  doser  than  10  feet  to  the  ground.  A  doser  spadng  will  perturb  the 
curilht  ^rflSxition  on  the  array  causing  additional  perturbations  to  the  pattern 
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beyond  those  caused  by  the  ground  reflection.  A  higher  spacing  from  the  ground  will 
c»jse  adcStional  nulls  to  appear  in  the  pattern,  some  of  which  will  be  close  to  the 
horizon.  Measurements  of  the  vertical  pattern  were  made  on  boresight  to  evaluate 
the  perturbations  caused  by  the  presence  of  the  ground. 

Bevation  cuts  were  initially  made  at  a  distance  of  200  feet  from  the  antenna 
using  an  identical  log  periodic  antenna  as  a  probe.  To  make  measurements  up  to  15 
degrees  in  elevation  at  the  200  foot  range,  it  was  necessary  to  elevate  the  probe  to 
75  feet.  To  accomplish  this,  the  probe  was  mounted  on  a  cantilever  attached  to  a 
"cherry  picker*  which  could  be  raised  in  a  near  vertical  line  (Figure  3).  The  elevation 
an$^e.  referenced  to  the  receive  antenna,  was  determined  by  using  a  transit.  The 
receive  antenna  was  connected  to  a  HP-8569  spectrum  analyzer  and  the  received 
^gnal  strength  was  recorded  manually  as  the  "cherry  picker"  was  raised  and  tracked 
with  the  transit  and  the  vertical  radiation  patterns  of  the  antenna  under  test  were 
defied  and  are  shown  In  Rgures  4-10.  These  patterns  appeared  to  be  better 
behaved  than  expected  near  the  horizon  which  can  be  explained  as  follows.  Since 
the  cmtenna  under  test  was  ten  feet  above  the  ground,  parallax  due  to  the  finite 
range  of  the  far  field  measurements,  had  to  be  considered,  which  is  best  illustrated  in 
Rgure  11.  At  an  elevation  angle  of  0  degrees,  the  probe  antenna  is  also  ten  feet 
above  the  ground  (hence,  the  negative  elevation  angles  in  the  data)  with  the  reflec¬ 
tion  point  in  the  middle,  The  rmjttipath  angle  is  about  6  degrees,  just  where  the 
reftection  coefficient  of  a  vertically  polarized  wave,  for  typical  earth,  is  undergoing  a 
drastic  phase  change  as  shown  in  Figure  12.  This  phase  change  in  the  reflected 
wave  will  cause  the  resultant  pattern  to  have  a  null  at  the  horizon,  as  the  reflected 
wave  subtiacto  from  the  direct  wave,  rather  than  a  peak  which  would  occur  if  the 
ground  were  a  perfect  conductor.  To  verify  this,  the  probe  was  then  moved  out  to 
goo  feet  from  the  antenna  in  order  to  decrease  this  parallax.  Now  the  parallax 
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Figure  4  Elevation  pattern  of  a  log  periodic  antenna  10 
feet  above  real  ground  at  50  MHz. 
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Elgtire  5  Elevation  pattern  of  a  log  periodic  antenna  10 
feet  above  real  ground  at  80  MHz. 
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betWMn  ttie  elevation  angle  and  multipath  angle  is  only  2  degrees,  and  as 
hypodieaized,  the  measured  data  shows  the  pattern  tucks  in  more  severely  near  the 
ho^zcm  (due  to  tlw  timited  reach  of  the  "cherry  picker”,  the  maximum  elevation  angle 
was  Hmited  to  7  degrees  tor  these  measurements) 

A  tog  periocRc  antenna  mounted  above  real  ground  is  not  a  satisfactory  choice 
tor  a  reaction  range  especially  when  measurements  are  needed  near  the  horizon. 
The  reftocton  coefficient  is  too  dynamic  arto  too  dependent  upon  the  water  content  of 
the  sofi  to  proctooe  a  repeatable  pattern.  Another  disadvantage  to  this  configuration 
was  that  at  tfw  UHF  frec^ndes.  there  was  severe  lobing  in  the  pattern  because  the 
wHerma  was  dectrtoally  a  number  of  wavelengths  above  the  ground  which 
aggravates  the  problem  discussed  above. 

W,  CimTQilHZEP  APPROACH 

The  pfobtoms  encountered  with  the  refiection  range  approach  are  related  to 
ttielact  that  the  phase  center  of  the  antenna  is  located  a  finite  distance  above  a 
(pound  of  firriie  wid  vsulabto  conductivity.  If  the  phase  center  of  the  antenna  were  to 
be  on  a  pwrfectly  conducting  ground,  of  infinite  extent,  there  would  be  no  nulls  due  to 
(poiaid  rmjitipath  or  any  tuck  In  of  the  pattern  at  the  horizon  due  to  the  phase  change 
of  toen^tocftoit  oo<effident.  In  order  to  place  the  phase  center  of  the  antenna  on  the 
gtoltfid,  etomems  must  be  used  which  are  designed  to  be  fed  against  the  ground 
such  as  monopoles  rather  than  dipoles.  While  a  perfect  conductor  of  infinite  extent  is 
not  i^iydceAy  rmAzable,  a  metsdlic  surtoce  which  is  electrically  large  will  suffice,  but 
ttwe  efPstW  be  at  least  a  6  cB  tuck  in  the  pattern  approaching  the  horizon  as  the 
ooriitoyttoft  of  ttie  khage  varfishes  arxi  due  to  diffraction  off  of  the  edge  of  the  ground 
plm.  The  closer  to  the  horizon  one  wishes  to  receive,  the  larger  the  ground  plane 
iniiet  be  (abbtit  200  faet  tor  a  usable  pattern  at  3  degrees  elevation  at  30  MHz). 
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I  Wh8o  this  6  dB  variation  in  the  pattern  is  not  ideal,  it  will  be  demonstrated  that  it  can 

fef  '  V 

ba  made  workable. 

Snce  the  pattern  of  a  log  periodic  antenna  in  free  space  is  about  the  optimum 
lor  measurement  of  the  airborne  patterns  using  this  technique,  it  was  decided  to 
,  <  buHd  one  u^ng  monopoles  on  a  ground  pt^e.  Using  the  relationships  in  Jasik  0 ), 
an  antenna  was  designed  with  an  H  plane  beamwidth  of  1 20  degrees.  It  had  a 
geometrical  progression  of  .7  and  a  taper  of  30  degrees  (60  degrees  for  a  conven- 
tiomrt  log  perkxfic  antenna  made  with  dipoles).  A  conventional  log  periodic  antenna 
iis^y  hiffi  two  feed  rails  making  up  a  badanced  transmission  line  in  order  to  feed 
the  iMemate  eiemente  160  degrees  out  of  phase,  but  it  was  necessary  to  modify  the 
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feed  in  order  to  use  only  one-half  of  the  array  (the  other  half  being  an  image).  The 
original  ooncept  was  to  feed  every  other  element  from  a  single  rail  and  ground  those 
In  between,  allowing  them  to  be  parasitically  fed  180  degrees  out  of  phase  with  the 
driven  eiemenis.  That  technique  did  not  give  a  satisfactory  front  to  back  ratio 
.ttiCeiiBe  the  phase  shift  ckje  to  the  parasitic  feed  was  not  precise  enough  to  provide 
to  the  bad(side  of  the  pattern.  Another  technique  that  was  more 
to  lee  a  0-180  degree  povrar  divider  to  feed  two  micro  strip  rails  1 80 
^dbiri»e#o|it  Of  phase  and  then  connect  alternate  elements  to  opposite  rails.  The 
hsH^  crithOpdis  was  adjustable  so  that  their  impedance  could  be  acljusted  to  obtain 
a  imich  with  the  power  divider  and  the  elements. 

A  one-tenth  scale  model  was  built  with  a  designed  lower  cutoff  frequency  of 
as  shown  in  Rgure  13.  The  scaled  array  was  then  mounted  on  a  drcular 
'ppkmd  p4me  14  feet  in  cB^neter  aiKl  evaluated  at  a  700  foot  outdoor  antenna  range 
iilpfloine  Ubori^  Newport  Research  Facility.  The  radiation  patterns  were 
ttlirt  mMsufed  In  azimuth  at  devation  angles  of  0, 3, 5,  7, 15, 20  and  30  degrees, 
and  elevatien  peitems  were  measured  at  azimuth  angles  of  0, 45, 90  and  180 


dSQiM.  TMswascloneatfreqtJenciesof  250.  500, 1000  and  1250  MHz(2)*  The 
elevitfipn  ctils  at  0  tHegms  azimuth,  shown  in  Figures  14-17,  have  a  variation  of 
flimit  6  dB  tom  the  peak  value  to  the  horizon.  The  azimuth  patterns,  at  an  elevation 
anpte  of  0  degrees,  shown  in  Figures  18-21 .  had  a  similar  gain  variation  over  the 
tSB  degree  sotmdh  domain. 


Aithou(^  the  gain  was  not  uniform  over  the  entire  azimuth  and  elevation 
jdomiftw  the  deviafion  tom  a  uniform  gain  was  graceful  and  the  azimuth  cuts,  at  any 
ghiiri  toguenor,  had  a  shape  that  was  reiativeiy  independent  of  elevation  angle. 

Mpe  of  the  elevation  patterns  was  also  relatively  Independent  of 
TWhelng  the  case,  it  was  decided  to  fit  the  horizontal  cuts  at  0  degrees 
iliivatf^  and  die  vertical  cuts  at  0  degrees  azimuth,  independently,  to  polynomial 
eijpdtteloriaifi^dm  rri^^  squmes  wfih  typicalty  a  dozen  co-efficients  to 
dilno  Uie  pddeiri  lor  eitth  frequency.  This  results  in  a  simple  numerical  expression 
||flhftdid0ima  TNs  is  usefiii  for  the  measurement  system  sinoe 

iiijpqwiBi  aniilIm  not  track  the  aircraft  over  Hs  fligm  path.  For 

||fcg||on  |wglee  up  to  20  degrees  and  azimuth  angles  to  atx)ut  60  degrees  either 
liddof  tMaidile  die  average  error  was  generally  less  thmi  .5  dB.  An  example  of  this 
IfPMIqdels  nuBlFaMd  in  Figure  22  where  it  was  applied  at  a  frequency  of  1250  MHz 
aMohWBSwherethepaitem  was  the  most  complicated.  Using  this  technique,  it  is 
peeelifi  tefBidDr  out  the  receive  antenna  patterns  vrhen  the  flight  test  data  is 
iiddged  wh^  is  a  much  more  efficient  technique  than  using  a  look  up  table. 

This  report  describes  three  efforts  that  were  important  in  the  development  of  a 
ytWMF  reiiidi  that  was  used  to  extend  the  lower  frequency  limit  of  the  PAMS 
dbamipidMHi.  Ffre^thseonosplof  a  reftocfion  range  was  studied  but  rejected 


because  of  the  severe  bick-in  of  the  pattern  near  the  horizon  and  the  nulls  at  the 
Mj^ier  sie^ition  angles;  both  effects  will  vary  with  the  water  content  of  the  soil.  A  log 
pefkxic  antenna  made  of  monopole  elements  which  had  its  phase  center  on  the 
{pound  was  studied  and  fdund  to  eliminate  the  above  concerns.  A  numerical 
technique  was  then  used  to  define  the  gain  of  the  antenna  over  its  usable  azimuth 
and  elevation  coverage. 

VH.  RECOMMENDATION 

Based  upon  the  success  of  the  experiments  with  the  scale  model  antenna,  it 
was  recommended  that  a  full  scale  antenna  be  fabricated  for  the  PAMS  facility.  This 
antenna  was  installed  at  the  Verona  Research  Facility  and  successfully  used  to 
evaluate  the  communication  antennas  on  an  operational  aircraft. 
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SlguM  IS.  Elevation  Pattarn  of  Soale  Model  Antenna 
at  500  Mhz 
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Vigiic*  17.  Blofvation  Pattern  of  Scale  Model  Antenna 
"mt  1.25  Ghz 
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Wtgarm  18.  Azlnuth  Fmttoini  of  Seal*  Modal  Antanna  at 
250  Mhz 


ts.o  4B 


X 


— I 


\ 


/  //^ 
LiXfl 


'  X 

-l  /  \ 

'  NX 


\  '  'v 

\  A 

\ 

/ 

X 


^  L 


h- 


N 

X 


—  —1  0 


10  NUnSEIIi  LFtVI 
ELEVAnONi  0.0 
AZlnUTH  •  vamtino 

peak  anc  •  sst.o 
peak  CAINI  4.1 

RAIL  HEIOMri  1/10* 

PREOUENCn  SOO  tfkt 
^OL  •  VERT . 


Figurtt  19.  Azimuth  Pattern  of  Scale  Model  Antenna  at 
500  Mhz 
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Figttrtt  20.  Azimuth  Pattern  of  Scale  Model  Antenna  at 
1.0  Ghz 


fCAK  Mi6  •  3t.5 

fCAK  6AINI  -1.0 

RAIL  HCIOHTi  I/If 

FRCOUCNCTi  I.2S  Clii 


«0 


ROL  I  VERT . 


Fl^furtt  21.  Azimuth  Pattarn  of  Scale  Model  Antenna  at 
1.25  6hz 
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a.  Antenna  Pattern  for  Elevation  of 
0  degrees  at  GHz  (corrected) 
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b.  Antenna  Pattern  for  Qevation  of 
3  degrees  at  GHz  (corrected) 


I1.90ri8  22.  Caxvm  Fit  For  Elovation  Anglos  a.  0 
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c.  Antenna  rattan  for  Elevation  of 
5  d^rees  at  GHz  (collected) 
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d.  Antenna  Pattern  for  Elevation  of 
7  di^rees  at  GHz  (corrected) 
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P^gaaem  22.  Curvm  Pit  Por  Sl«vatlon  Anglms  c.  5 
OmgtmM,  d.  7  Dtigr— 
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